1. Incubation of Schistosoma mansoni for 5 min in a phosphate-buffered medium, pH 7.4, released tegumental material containing the following phosphohydrolase activities: alkaline phosphatase, 5'-nucleotidase, glycerol-2-phosphatase, glucose 6-phosphatase, phosphodiesterase and ATPase. 2. Maximum activity of these enzymes was measured at pH9.5; however, the phosphodiesterase and ATPase activities were also appreciable at pH 7.0. 3. Solubilization of the released tegumental material in 1% Triton X-100 followed by gel filtration distinguished three peaks of enzyme activity: an ATPase (mol.wt. >1000000), a phosphodiesterase (mol.wt. 1000000) and an alkaline phosphomonoesterase with broad specificity (mol.wt. 232000). 4. The ATPase activity was highly activated by 10mM-Mg2+ or lmM-Ca2+ and was inhibited by chelating agents. Ouabain, Na+ and K+ had little effect on enzyme activity, whereas activity was increased by 50% in the presence of calmodulin. The phosphodiesterase activity was highest in the presence of 100mM-Na+ or -K+, and IOmM-Mg2+ or -Ca2+. Alkaline phosphatase activity was also stimulated by 100mM-Na+ or -K+, and 10mM-Mg2+; however Ca2+ inhibited at >1 mM. 5. Surface iodination of parasites followed by detergent solubilization and gel ifitration of the released tegumental membranes indicated that these enzymes were not accessible. A major surface component, apparent mol.wt. 80000, was iodinated. 6. Rabbit anti-(mouse liver 5'-nucleotidase) antibodies did not inhibit the phosphohydrolase activities. However, an immunoglobulin G fraction from sera of mice chronically infected with S. mansoni partially inhibited alkaline phosphatase activity, but was without effect on the phosphodiesterase and ATPase activities. 7. The location of the enzymes in the double membrane of the tegument and their significance in host-parasite interactions is discussed.
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The tegument of the adult S. mansoni is delimited by a double membrane that completely surrounds the parasite (Hockley & McLaren, 1973) . The outer of the two membranes is an interface between the parasite and its host and is thus positioned to play an important role in both immunological and metabolic interactions. Various methods have been described for isolation of the tegument (Kusel, 1972; Cain & Oaks, 1978) and, more recently, a technique that released tegumental material characterized by double-membrane fragments has been developed (Simpson et al., 1981 (Cesari & Santos, 1974; Wheater & Wilson, 1976; Ernst, 1977; Simpson et al., 1981) and, for example, alkaline phosphatase, 5'-nucleotidase and ATPase activities have featured as marker enzymes in the isolation of surface fragments (Cain & Oaks, 1978; Simpson et al., 1981) . In the present study, the topographical location, molecular size, pH optima, ionic requirements and sensitivity to antibodies of the phosphohydrolase activities are investigated.
Experimental

Materials
Enzyme substrates were obtained from Sigma (London) Chemical Co., Poole, Dorset, U.K.;
[3H]AMP was obtained from The Radiochemical Centre, Amersham, Bucks., U.K.; Earle's salts plus 0306-3283/81/090467-07S01.50/1 X 1981 The Biochemical Society lactalbumin hydrolysate medium (termed 'modified Earle's medium') was obtained from GIBCO Biocult (Paisley, Scotland, U.K.), bovine serum albumin fraction V was obtained from Armour Pharmaceutical Co., Eastbourne, Sussex, U.K., and Ultrogel AcA 22 was from LKB Produckter A.B., Stockholm, Sweden. Calmodulin was prepared from bovine brain by the method of Grand et al. (1979) and provided by Dr. C. Mitchison of this Institute. Rabbit anti-(mouse liver plasma-membrane 5'-nucleotidase) antibodies were prepared as described by Gurd & Evans (1974) . Mouse immunoglobulin G was purified on protein A-Sepharose CL-4B columns (Pharmacia) from sera of animals chronically infected with S. mansoni and provided by Mrs. R. de Rossi of this Institute.
Parasites
Adult S. mansoni of a Puerto Rican strain were collected from Syrian hamsters infected 6 weeks previously with 1000 cercariae, as described by Smithers & Terry (1965 (Bolton & Hunter, 1973) . After dilution and washing several times with cold modified Earle's medium, they were mixed with unlabelled parasites and a tegumental fraction was prepared as described above. Isolated teguments were solubilized in 1% Triton X-100 as described for enzyme solubilization, and the detergent extract was applied to an Ultrogel AcA 22 column. Radioactivity in fractions was determined by using a well-type y-counter.
Enzyme assays For measurement of activity at various pH values, the following buffers (50mM) were used: pH 4.0-6.0, sodium acetate/acetic acid; pH 6.9-8.0, Tris/maleic acid; pH 8.0/10.0, 2-amino-2-methylpropane-1,3-diol/HCl. Chelators, ions and antibody were included in various experiments as stated in the text.
Alkaline phosphatase (p-nitrophenyl phosphatase, EC 3.1.3.1) was measured spectrophotometrically at 410nm by measuring the release ofp-nitrophenol for lOmin at 37°C. Phosphodiesterase (EC 3.1.4.1) was measured spectrophotometrically at 410nm by measuring the release of p-nitrophenol from thymidine 5'-monophosphate p-nitrophenyl ester (Razzel, 1963) . 5'-Nucleotidase (5'-ribonucleotide phosphohydrolase, EC 3.1.3.5) was measured by using a modification of the radioactive method of Avruch & Wallach (1971) . In some instances, activity was determined by measuring release of P. ATPase (EC 3.6.1.3), glycerol-2-phosphatase (EC 3.1.3.19) and glucose 6-phosphatase (EC 3.1.3.9) activities were measured by measuring release of P1 by the method of Carson (1976) .
Results
Brief incubation of S. mansoni in phosphatebuffered saline resulted in the release of material derived predominantly from the worm's tegument (Simpson et al., 1981) . The phosphohydrolase activities present in this fraction are now investigated in detail.
Effect ofpH on the enzyme activities Measurement of the enzyme activities from pH 4 to 10 showed that all the enzymes were most active at pH > 9 (Fig. 1) . However, the pH profiles of the ATPase and phosphodiesterase activities showed that significant activity also occurred at pH 7.0. This result suggested that the ATPase and phosphodiesterase activities were due to different enzyme(s) than the other activities examined.
Solubilization and separation of the enzyme activities Solubilization of tegumental material in 1% Triton X-100 followed by gel filtration resolved the enzymic activities into three distinct peaks (Fig. 2) . Excluded at the void volume of the column was ATPase tase activities were obtained at a molecular weight of 230000, suggesting that the activities resulted from a single enzyme of broad specificity. This was further investigated by competition experiments using the Triton X-100-solubilized p-nitrophenyl phosphatase peak collected from the Ultrogel AcA 22 column. A 10-fold excess of AMP, glycerol-2-phosphate and ATP caused a >85% inhibition (Table 1) of p-nitrophenyl phosphate hydrolysis. Thus ATP is bound by the active site of the alkaline phosphatase but is not hydrolysed. The inhibition of the activity by P, and ammonium molybdate showed that the enzyme was probably similar to that described by Nimmo-Smith & Standen (1963) , who demonstrated a similar inhibition of alkaline phosphatase activity in schistosome homogenates.
Surface-labelled schistosome components
Surface iodination of worms using the Bolton and Hunter reagent followed by preparation of a tegumental fraction, detergent solubilization and gel filtration showed a major peak of iodinated protein of apparent mol.wt. 80000 (Fig. 2d) . Since the 125I-labelled peak did not coincide with any of the three peaks of enzyme activity it was concluded that the enzymes were unlikely to be directly exposed at the parasite surface. Surface labelling of adult worms is known to be extremely difficult (Hayunga et al., 1979) , but the labelled peak has a similar molecular weight to the major component labelled with 125I in adult schistosomes by the lactoperoxidase method (Snary et al., 1980 (Figs. 3-5) . The different patterns of stimulation provided further evidence that these three enzymes were indeed distinct. Enzyme activity is expressed relative to that measured in 50mM-2-amino-2-methylpropane-1,3-diol/HCI. The low stimulation of the ATPase activity by Na+ and K+, together with the marked stimulatory effect of Ca2+, indicated that this tegumental enzyme was a Ca2+_stimulated ATPase rather than an (Na++K+)-stimulated ATPase. Further studies on the ion requirement and the effects of incubation in the presence of ouabain and calmodulin (Table 2) were also consistent with this conclusion and suggest that the enzyme can be further defined as a Ca2+-stimulated Mg2+-dependent ATPase. Subcellular distribution of the phosphohydrolase enzymes
The distribution of ATPase and phosphodiesterase was compared with alkaline phosphatase in subfractions of parasite tegument. Alkaline phosphatase has been demonstrated to be associated with tegumental outer membrane of the schistosome by cytochemical techniques, and used as a marker enzyme in subtegumental fractionation studies (Simpson et al., 1981) . Both the ATPase and phosphodiesterase activities had a similar distribution to alkaline phosphatase when the tegumental fraction was centrifuged on sucrose gradients (Table  3) . The highest specific activities of the three enzymes were found in subfraction 1, shown to contain vesicles of parasite outer membrane, many of which contained a double-lipid bilayer (Simpson 151.2 * Relative to the same salts without ouabain. Table 3 . Distribution ofATPase, p-nitrophenyl phosphatase and phosphodiesterase activities in schistosome tegumental subfractions Teguments were shed from schistosomes by incubation for 5 min in phosphate-buffered saline, pH 7.4. The tegumental membranes were fractionated on sucrose gradients and the distribution of protein and enzymes was determined as described in the Experimental section. ATPase activity was determined in the presence of 1 mM-MgCI2 and 1 mM-CaCl2. , 1981) . Thus it is likely that these phosphohydrolase enzymes are located in the tegumental outer-membrane region. Effect ofantibodies on the tegumental enzymes An immunoglobulin G fraction purified from mice infected with highly irradiated (20krd) cercariae (S. mansoni larvae) had no inhibitory effect, on the enzymes. Immunoglobulin G from mice chronically infected with cercariae inhibited alkaline phosphatase by up to 25% but did not affect the other activities or alkaline phosphatase activity isolated from host (hamster) liver. An immunoglobulin G fraction prepared against mouse liver 5'-nucleotidase also had no effect on parasite alkaline phosphatase activity, although these antibodies almost completely inhibited mammalian membranebound 5'-nucleotidase enzyme (Gurd & Evans, 1974) .
Discussion
The present studies identify and separate in a tegumental membrane fraction stripped from the surface of adult S. mansoni three classes of enzyme activities. The phosphomonoesterase activity hydrolysed AMP, glycerol-2-phosphate, glucose 6-phosphate and p-nitrophenyl phosphate. This activity probably corresponds to an alkaline phosphatase demonstrated by cytochemical techniques to be located predominantly at the parasite's tegument (Morris & Threadgold, 1968; Bogitsch & Krupa, 1971; Ernst, 1977) and also shown to be present at high specific activity in fragments of the tegument released by parasites after treatment with saponin and CaCl2 (Cesari, 1974) and by the phosphatebuffered-saline release method (Simpson et al., 1981) used in the present work. The schistosome phosphomonoesterase activity we now designate as an alkaline phosphatase, for many of the properties described in the present paper are similar to alkaline phosphatases studied in a wide range of mammalian epithelial cells (Narayanan & Appleton, 1972; Seargeant & Stinson, 1979; Skillen & RahbaniNobar, 1979) . The emergence of all phosphomonoesterase activities as a single peak of apparent mol.wt. 232000 from the gel-filtration column (Fig.  2) is unlikely to reflect the presence of a number of enzymes aggregated in micelles, for the product after further purification by lectin-affinity chromatography again shows the broad substrate specificity typical of alkaline phosphatase enzymes (G. Payares & W. H. Evans, unpublished work). The results also show that the tegumental membranes contain both Ca2+-stimulated ATPase and alkaline phosphodiesterase activities. Little ouabain-sensitive ATPase activity was detected, although Fetterer et al. (1981) have suggested that an electrogenic Na+-and K+-transport system is present in the schistosome tegument. Nechay et al. (1980) have also described a, (Ca20 + Mg2+)-activated ATPase in the schistosome tegument.
The three classes of enzyme activities showed a similar distribution when teguments released from schistosomes were fractionated into sucrose gradients, suggesting that all three enzymes are located in the same, or at least similar, membranes. Furthermore, the enzyme activities were present in membranes that were perturbed to an equal extent to higher densities in sucrose gradients after exposure to digitonin, indicating that the enzymes were present in membranes containing sterols, e.g. cholesterol (A. The properties of the enzymes now described suggest that in some respects the surface-membrane network of schistosomes, which is convoluted to give a high surface/volume ratio, performs similar functions to brush-border surface regions of epithelial cells, which contain similar enzymes. It has been suggested that the schistosome surface is actively involved in solute and nutrient transport (Asch & Read, 1975; Rogers & Bueding, 1975) . Thus, the Ca2+-stimulated ATPase and alkaline phosphatase may be involved in transporting Ca2+ (Lane & Lawson, 1978; Ghijsen & Van Os, 1979) and phosphate ions (Moog & Glazier, 1972; Shirazi et al., 1978) respectively.
The surface membrane of adult S. mansoni consists of a double-lipid bilayer (Hockley & McLaren, 1973) and in evaluating the functional roles of the enzymes present, their assignment to one or other of these membranes is desirable, but at this stage one can only discuss their possible topographical position. Since the schistosome maintains a lower Ca2+ concentration within the tegument than the surrounding host medium (Fetterer et al., 1980) , the Ca2+-stimulated ATPase is probably positioned for pumping Ca2+ out of the parasite by having its active site at the cytoplasmic side of the inner membrane of the surface-membrane double-lipid bilayer complex. The enzymes appear to have their polypeptide chains well shielded from the external environment, for they were not iodinated in intact worms by the Bolton and Hunter and the lodogen (G. Payares & W. H. Evans, unpublished work) reagents. However, the parasite can hydrolyse externally added phosphomonoesterase substrates (Levy & Read, 1975) and in the present work the alkaline phosphatase activity was inhibited partially by sera prepared from animals chronically infected with S. mansoni. These observations are difficult to reconcile with the alkaline phosphatase being positioned entirely at the inner of the two lipid bilayers. The present results indicate that there may well be important biochemical and structural differences
